The changes in the number of wet days (NWD) in Oman projected by climate models was analyzed, focusing mostly on variation of precipitation intensity and its effect on total annual precipitation (PTOT) in the future. The daily precipitation records of 49 gage stations were divided into five regions.
INTRODUCTION
period decreased the likelihood of civil war. The increase or decrease in total precipitation is generally attributed to the changes in the number of wet days (NWD) and the proportion of total precipitation occurring during the wet days.
A decrease in the NWD, which may result in prolonged periods of drought, is considered one of the major disasters in the Arab region (Swaireh ) .
The Fifth Assessment Report (AR5) of the United Nations Intergovernmental Panel on Climate Change (IPCC) concluded that the rise in the mean global surface air temperature by the end of the 21st century, relative to the pre-industrial period, is likely to be between 1.5 W C and 4.5 W C capacity of the atmosphere and, together with the enhanced evapotranspiration, this can increase the frequency and intensity of extreme precipitation events (Karl & Trenberth ) . AlSarmi & Washington () have found that the rainfall in the Arabian Peninsula has become more intense, whereas the NWD with precipitation more than 10 mm significantly decreased. A study by Kwarteng et al. () indicated that the annual average NWD for the whole of Oman is approximately 12.4, which shows a weak declining trend over the 1977-2003 period. The acute water scarcity and the increases in frequency of extreme rainfall have prompted the country to improve water management strategies and implement adaptation measures to cope with floods. A number of groundwater recharge dams and controlled river channels have been constructed and many others are expected to be built to enhance the groundwater recharge and reduce incoming flood peak.
Climate change is expected to increase regional differences of rainfall regime even within the same country (Kazama et al.
).
Consequently, impacts would be destructive in some regions and beneficial in others. The objectives of this study are, therefore, to evaluate potential changes in dry and wet days in the future compared with observations, and to examine what percentages of precipitation change in the future can be attributed to the precipitation intensity change in different areas of the country. This study, to the best of our knowledge, is the first of its kind for Oman, analyzing the spatial and temporal variation of climate change effects across the country.
Predicting potential changes in precipitation regime, particularly changes in the NWD and the precipitation intensity in different regions of the country, will be essential for decisionmaking processes in Oman for hazard mitigation through proper regional planning and implementation. Influenced by its geographical location in the Arabian Sea and the diverse topography, substantial temporal and spatial differences in precipitation mechanisms are found in Oman.
STUDY AREA AND DATA
For the analysis in this study, precipitation data from 49 monitoring stations over the 1985-2004 period were obtained from the Ministry of Regional Municipalities, Environment, and Water Resources. These stations were then grouped into five regions based on their geographical location, elevation, and dominant precipitation mechanism. Monitoring stations with long-term records are extremely rare in the middle and the IRs of the country, which mainly consist of sandy wasteland deserts. This study therefore mainly focused on the northern regions of the country. For comparison, an analysis in Salalah region located in southern Oman was also performed.
A detailed description of these five regions is presented below.
Musandam region
The Musandam region (MR), located along the northern border of Oman, consists of seven monitoring stations ( Figure 1 ). PTOT in the region is 178 mm and is second only to the rainfall in the NOMR. More than 95% of the PTOT in this region occurs from November to April 
Orographic precipitation effect
Complex mountain geometry influences orographic precipitation, which occurs on the windward side and is further enhanced by a strong moisture source, such as the Arabian Sea in this study area. In these regions, a strong relationship was found between total annual rainfall and elevation (Figure 2(f) Similarly, average monthly total precipitation and the NWD in the future for each month were calculated.
The effect of a change in the NWD in a given month in the future is calculated by multiplying the change in the NWD between two periods by the daily precipitation intensity on a wet day estimated for that particular month. Here, precipitation reduction due to an additional dry day in the present climate in a particular month is considered to be the same as in the future. The result is then subtracted from the monthly total precipitation change to obtain its change due to changes in daily precipitation intensity. The [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] was used for the model calibration, while the other half was used for the verification (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) .
RESULTS AND DISCUSSION
This study evaluates potential changes in precipitation in the future in Oman and attributes them to the projected dry/wet day change and precipitation intensity change. Daily precipitations from five GCMs were downscaled using LARS-WG and compared results with the observations in the 1991-2004 period. This was guided to select GCMs whose results best match with the precipitation characteristics in the study area. However, no statistically significance difference in NWD is calculated in the 2080-2099 period. The net result of this is that enhanced precipitation intensity will contribute to increasing PTOT by 19-54% in the 2040-2059 period and by 14-64% in the 2080-2099 period among seven stations in the MR. Figure 4(a) and 4(b) show the contributions of changes in the NWD and changes in precipitation intensity in monthly total rainfall in two future time periods. No major shift in precipitation mechanism is observed, because more than 80% of the PTOT will occur from November to April by the cold frontal troughs in both future time periods. However, precipitation is show that the precipitation reduction due to changes in the NWD is quite significant in the months of July and
August. Figure 6 also shows that increases in PTOT when NWD decreases will occur by increasing precipitation intensity in all months throughout the year. Accordingly, the enhanced precipitation intensity will contribute to increase total annual rainfall by 28% in the 2040-2059 period and by 41% in the 2080-2099 period.
Potential changes in precipitation characteristics in the availability rather than water-holding capacity is the controlling factor to increase precipitation intensity in warmer climate conditions. Figure 7 shows that the precipitation change due to intensity change is higher in the MR and the NOMR than the other three regions. Figure 2 shows that the annual total rainfall is also higher in the MR and NOMR than the other three regions. In particular, orographic precipitation effect, as shown in Figure 2 Seasonal and spatial precipitation variations among historical data may no longer be appropriate and could render infrastructure vulnerable by leading to design with insufficient capacity, or by taking policy measures that become difficult to practice over time. In order to avoid or, at the very least, to reduce the risks of floods and damage, potential changes of the precipitation regime need to be incorporated in intensity-duration-frequency curves. Nevertheless, the additional river flow that will be generated by increased precipitation will not alleviate water scarcity problems in these regions if the extra water cannot be stored. Groundwater recharge dams and controlled river channels are used in arid countries, including
Oman, to enhance the groundwater recharge. Incorporation of climate change projections, as presented in this study, into future designs and management strategies can improve the efficiency of the controlled recharge practices.
